Regulation of serum hepcidin levels in sickle cell disease
The peptide hormone hepcidin exerts its function by binding to the transmembrane cellular iron exporter ferroportin and inducing its internalization and degradation, resulting in decreased intestinal iron uptake and iron retention in the reticulo-endothelial (RE) macrophages. Inflammatory cytokines and iron loading increase hepcidin production, while increased bone marrow activity, and anemia suppress hepcidin synthesis.
1,2 However, most of the evidence of these regulatory processes is obtained by molecular in vitro work and mice models, and much is still unknown about how these different stimuli interact in man.
Sickle cell disease (SCD) patients are characterized by chronic hemolytic anemia, increased erythropoiesis and a chronic inflammatory state with endothelial activation and enhanced red cell and leukocyte adhesion. Sickle cell patients have iron overload due to chronic blood transfusions in the treatment or prevention of the severe sickle cell-related complications such as stroke.
3 SCD has been associated with low urinary hepcidin levels in children. 4 However, serum hepcidin 25-amino acid isoform (hepcidin-25) levels, which are directly responsible for the biological effect, have not been documented and factors that contribute to hepcidin regulation in this disease have not been assessed. 5 Serum and urinary hepcidin-25 measurements were performed in November and December 2007 by use of surface enhanced laser desorption ionization-time of flight mass spectrometry (SELDI-TOF MS) as previously described.
6,7 The hepcidin regulators' inflammation, iron store and erythropoiesis (reflected in the serum markers C-reactive protein (CRP), ferritin and soluble transferrin receptor (sTfR), respectively) were assessed to delineate the regulatory pathways of hepcidin.
8 Approval for the study was obtained from the Medical Ethics Committee of the Academic Medical Center in Amsterdam.
We found the various serum parameters to vary widely within this population (Table 1) . Of note is the pattern of the serum iron parameters, which shows highly variable ferritin levels, not simply related to the transfusion history and in the presence of normal transferrin saturation (TS). This suggests an iron distribution pattern of the anemia of chronic disease, with relatively more iron in the RE system. Serum hepcidin-25 levels were below the lower limit of detection (LLOD <0.5 nM) in 5 SCD patients, while in the rest, the levels were between 1 and 10 nM, which is considered to be the normal range ( Table 1) . The median serum and urine hepcidin-25 levels were similar for patients and controls (p>0.2), but hepcidin-25/ferritin ratio's as a measure of appropriateness of hepatocyte-produced hepcidin for the iron burden, 4 were significantly lower for patients (p<0.01) ( Table 1) . However, as ferritin in SCD might be increased by inflammation and iron loading of RE cells by transfusions, this ratio might not be suitable in the evaluation of the adequacy of hepcidin in response to hepatocyte iron loading.
9
Results confirm that erythropoiesis down-regulates hepcidin-25, i.e. when only sTfR is increased, serum hepcidin-25 levels are in the lower normal range or even not detectable (<LLOD-3.6 nM; patients 2, 4, 5, 13-16). In cases where next to a substantially increased sTfR inflammation and/or high iron stores are also present, serum hepcidin-25 levels are in the normal range (1.2 -9.5 nM; patients 1, 3, 6, 8-12 ) confirming the induction of hepcidin by inflammation and elevated iron stores in sickle cell patients. Interestingly, in patient 7 the low hepcidin-25 level due to increased erythropoiesis (highly elevated sTfR) is not compensated by low grade inflammation (CRP of 10 mg/L) and a slightly elevated iron store (ferritin of 210 µg/L), resulting in undetectable serum hepcidin-25 levels.
While this is a small study, the results only describe the qualitative contribution of the various parameters to hepcidin-25 levels. Nevertheless, Spearman's correlation analysis showed that serum hepcidin-25 levels were significantly correlated with urine hepcidin-25, log ferritin, Body Mass Index (BMI) 10 ( Figure 1A -C) and age, but not with CRP, sTfR, TS ( Figure 1D -F) and hemoglobin.
In conclusion, this proof of principle study in a heterogeneous group of SCD patients indicates that: (i) previous results obtained in vitro and mice studies of hepcidin-25 suppression by increased erythropoietic activity that is counterbalanced by iron stores and (low grade) inflammation are also valid in man; (ii) larger studies are needed to determine the quantitative contribution of various factors to hepcidin-25 regulation in this disease.
The insights gained in this study could be clinically beneficial in the identification and treatment of patients most at risk of iron mediated tissue damage. Joyce J.C. Kroot, 1 
